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EXECUTIVE SUMMARY 

Historically, internal dose control efforts and internal dose assessments at the PGDP have 

been based, primarily, upon concro!ling exposures to and intakes of uranium. However, the 

presence of irradiated fuel in the enrichment process for a discrere period of time raised the 

question of whether these efforts and aswsments were sufficient to prevent significant 

intakes of vansuranic elements. 

This investigation was initiated for the purpose of assessing the potential for exposure to 

transuranics by workers at PGDP. Three independent evaluations were performed. For each 

evaluation, exposure estimates were obtained and compared to a “Significant Exposure’ 

level, which is defined as an intake of 100% of the Annual Limit on Intake for each of the 

raciionuclides of interest, an exposure of 2000 Derived Air Concentration-hours, or a 

committed effective dose equivalent of 5 rem. The following table shows the results from all 

three phases of this investigation: 

AVERAGE OF EXPOSURE ESTIMATES FROM ALL THREE PHASES 

Phue Bds for A.ssesrment Fraction of Sig$ficant Exposure 

(Avwqe) 

Phase I Historitd Bioasyry 0.20 + 0.24 

Phase 2 Historical Air Data 0.20 f 0.19 

Phasz 3 SpdI Bioassay 0.21 f 0.21 

From this table, and to a reasonable degree of certainty, it appears that the historical 

uranium-based control and dose assessment protocols were sufficient co prevent a significant 

intake of or exposure to transuranic materials, While there were a number of assumptions 

made in each phase of the investigation, all of which have associated uncertainties, the 

findings from each phase are relatively consistent in magnitude, lending validity to the 

approach and conclusions reached. Furthermore, the assumptions made were “conservative” 

in nature, resulting in “upper-bound” estimates of exposure for all three phases, and thereby 

further increasing confidence in the final conclusion. 

E-l 



7.0 JNTRODJJCTJON 

Large quantities of recycled uranium (reactor returns) from vcrious Department of Energy 

(DOE) programs were introduced into the process feed system at the Paducah Gastdus 

Diffusick Plant (PGDP) from its start-up in 1952 until the mid 1970s. These reactor returns 

contained transuranic elements produced during irradiation of the original fuel elements. the 

most significant of these transuranic materials, from a personnel exposure perspective, are 

neptunium-237 (237 Np). and plutonium-239/240 (239*240Pu). 

Most of the contaminants were removed during chemical reprocessing, but plutonium and 

neptunium carried through the uranium recovery procedures were introduced into the’cascade 

during the UF6 feed process. The amount of transuranic materials in the feed cylinders had 

been characterized in the past, but recent sampling indicates that transuranic contaminants 

remaining in process lines may have been higher than previously estimated, 

In the mid 197Os, a major effort was initiated to upgrade the PGDP cascade facilities, These 

improvements included replacement of most of the gaseous diffusion banier, which occurred 

after the last recycled uranium bad been fed through the plant. This action was assumed to 

have reduced the transuranic irkenrory in the process system. However, since historical 

release stirveys were not based upon transuranic release limits, it is nor possible to confirm 

this assumption. 

Historically, contaminarion.conttoi efforts throughout the PGDP were designed and 

implemenred, primarily, for control of uranium contamination. In light of the probable 

presence of transuranic materials as well, the question has been raised as to whether 

personnel exposure potential from transuranic materials as a result of past and present 

operations at the PGDP is significant. 

The health and safety staff at PGDP contracted International Technology (IT) Corporation to 

evaluate the porential for “significant exposure“ to transuranic materials at the PGDP, and to 

determine if PGDP operations personnel have, to a reasonable degree of certainty, incurred 
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“significant exposures” td vansuranic materials as a result of pasr practices. (A “significant 

exposure” to Wsuranic marerials, for the purposes of rhis invesrigarion, is equivalent to an 

intake of 100% of the Annul Limit on Inrake (ALI) for each of the radionuclides of interest, 

an exposure of 2000 Derived Air Concentration-hours (DAC-hours), or a committed cffwtive 

dose equivalent of 5 rem within one calendar year.) 

This document contains a description of the approach followed by IT in assessing the 

probability of significant personnel exposure from transuranic materials at the PGDP, and the 

findings and conclusions of this investigation, It is important to note that while it is common 

practice to assume reasonable and typical assumptions during re-consuuctioi or evaluation of 

individual radiation doses, for rhe purposes of this assessment, only “conservative” 

assumptions were used. This practice provides additional assurance that only “upper limit” 

values result, and that the conclusions are valid to a reasonable degree of scientific certainty, 

l-2 
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2.0 APPROACH ’ 

Most of rhe radiological surveillance and internal radiation monitoring data collected over the 

years at the PGDP were analyzed for the presence of gross alpha activity, with positive 

results attributed to uranium only. There is little information available on the concentration 

of the specific alpha-emitting radionuclides which may have been present in the samples. 

However, limited historicA information on the ratio of certain transuranic radionuclides 

(e,g,, 23gPu and 237Np) to uranium of various enrichments exists. The attachment 

(Historical Isotopic Fractions) contains a synopsis of these data, which are summarized in 

Table 2- 1. 

To determine whether historical uranium-basad radiological ~ntrol efforts were sufficient to 

prevent a significant exposure to transuranic materials. various types of uranium-based 

surveillance and monitoring data were re-evaluated in light of the general elemental fractions 

shown in Table 2-l. Three independent evaluations were conducted as part of this overall 

investigation. These were: 

Phase 1: Re-evaluarion of historical uranium-based bioassay results in lighr of 
known transuranic/uranium ratios, and determination oi the transuranic 
exposure potential for a hypothetical “average” worker and a hypothetical 
“maximally exposed” worker. 

Phase 2: Re-evaluation of historical gross alpha air monitoring results in light 
of known transuranic/uranium ratios, and determination of the transuranic 
exposure potential for a hypothetical “average” worker and a hypothetical 
“maximally exposed” individual, 

Phase 3: Idendficacion of selected PGDP personnel with an elevated 
probability for intake of transuranic materials due IO their work history to 
participate in a special bioassay study (e,g., isotope-specific measurements of 
sufficient sensitivity to confirm whether a significant intake of rransuranic 
materials occurred in the past). 

It is assumed, for the purposes of this investigation, that if there is consistency in the 

findings of all three phases, the basic approach for assessing the rransuranic exposure 

potential for PGDP operations personnel is valid. The results for each phase of the 

2-1 
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investigation are preserited in units of “Fraction of Significant Exposure”, for ease of 

comparison. In other worcis, if the results of a particular exposure estimate are in units of 

DAC-hours, that value is divided’by the DAC-hour value for a “significant exposure”, or 

2000 DAC-hours, in order to obtain the “Fraction of Significant Exposure”. Likewise, if the 

results of another calculation are in units of nanocurie intake, that value is divided by the 

ALI, also in nanocuries, in order to ob@.in the “Fraction of Significant Exposure”. Sections 

3.0 through 5.0 of this report contain the findings of the individuat phases, 

2-2 
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3.1 Maximum Wake Based Upon a Continuous Exposure tUo&l 

In general, PGDP radiation workers have a greater probability of incurring a small but 

continuous undetected inrake of radioactive materials (e,g,, chronic, low-level) than an 

underectcd acute intake (workplace surveillance is assumed to have been sufficient to identify 

unusual occurrences of sufficient magnitude to cause an acute intake). To determine the 

maximum intake for rhe majority of PGDP workers, as well as for the “average” 

hypothetical worker and the “maximally-exposed” hypothetical worker, based upon a 

continuous intake mode!, the following assumptions are made: 

0 The DAC for D-class 238*235 U is 6,0E-10 microcurielml. The DAC 
for W-class 237 Np is 2E-12 microcurie/ml. The DAC for Y-class 
23gPu is 2512 microcurie/ml (DOE-88). 

. The hypothetical worker has monthly urine bioassay results as shown 
Table 3- 1 a 

. Of the uranium handled by the hypothetical worker al the PGDP, the 
percentage of 235U by weight ranges from 0.14 for plant feed, to 2.5 
for French Reactor tails, with an average enrichment of 0.73% over a 
twenty year period ending in 1974 (PGDP-84), 

in 

. The mode of internal exposure is a continuous daily intake that is equal 
in magnitude to the daily excretion (e.g., equilibrium conditions), 

a There are 30 days between monthly collection of urine samples, 

0 The fraction of total uranium excreted that appears in the urine, for 
continuous intake, is 0.75 (LE-87). 

. The daily urine volume for an “average” worker is 1400 milliliters. The 
average inhalation rate is 1.2 x lo6 milliliters per hour (ICRP-74). 

0 The range of transuranic-to-uranium fractions at the PGDP is 0 to 0.31, 
taken from Table 2-1, 

3-2 
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Table 3-2 is a summary of the exposure calculations for the various enrichments of uranium 

found at the PGDP, and for the various hypothetical worker populations. Assuming an 

average 235U enrichment of 0.73% and selecting the most conservative transuranic-to- 

uranium ratio of 0,3 It Table 3-2 shows that t!le “avenge” hypothetical PGDP radiation 

worker is exposed to a maximum of 0.27 of the “significant dose’ for rransuranics, and the 

“maxima.lly-exposed” hypothetical radiation worker is exposed to 0.35 of the “significarn 

dose”. 

3.2 Maxiinum Intake Based Upon an Acute E~xasure Rthftd 

As stated previously, the most likely inrake scenario for PGDP workers is chronic, low-level 

intakes, However, if a single event (acute) intake is assumed to have occurred on the day 

after the previous month’s bioassay sample was collected, exposure to both uranium of 

various enrichments and transuranics may be estimated. For this scenario, the following 

assumptions were made: 

. The mode of exposure is a single day intake that occurred the day after 
the previous collection of urine for bioassay. 

l The number of days between monthly collection of urine samples is 30. 

l The fraction of total uranium excreted that appears in the urine rhirty days 
after the date of intake is 1.7E-3 (LE-87). (When class W or Y are 
considered, with retention fractions of 7.28E-4 and 3.27E-5 respectively, the 
estimated DAC-hrs per month are considerably higher than those shown in 
Table 3-3,) This is considered to be a reasonable assumption since the 
majority of the uranium compounds at the PGDP have a lung inhalation class 
of D. The feed plant buildings are the primary ones with significant W- or Y- 
class uranium compounds (PGDP-86). 

Table 3-3 shows a summary of these exposure calculations for the acute intake scenario. As 

expected, the estimates of maximum intake based upon a single acute intake scenario are 

~ greater than those estimated for the chronic intake scenario (Table 3-2). However, acute 

intakes of the magnitude shown in Table 3-3 are not likely beause PGDP health physics 

personnel exercise radiological controls over those plant locations where the probability of 

subsrantial intakes of uranium is high (i.e., requirements for posting and respirator use). 

33 
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Bioassay samples have also been collecd from personnel in those locations where the 

probability of large inrakes of uranium existed. Over the past 10 years of operation, he&h 

physics control over.areas with a greater potential for chronic, low level uranium intakes was 

less stringent. 

3-4 
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l U is 6.OE-10 m&curie/ml. The DAC 

23gPu is 2512 microcurie/ml (DOE-88), 
The DAC for Y-class 

l The PGDP historical continuous air monitor data are representative of 
“year-around” air concentrations, and there is no significant difference 
between day-shift concentrations and concentrations at ocher times of 
the day. 

Table 4-2 shows a summary of this analysis, wherein the “average” hypothetical PGDP 

radiation worker could have received up to 0.39 of the “significant exposure” for 

transuranics, as determined from this re-evaluation of historical gross-alpha air monitoring 

results. Likewise, the ‘maximally-exposed” hypothetical radiation worker could have 

received up to 0,60 of the “significant exposure” from transuranics, depending upon the 

inhalation class of the uranium compound selected. 

4-t 
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5.0 d CQtJ/S/T/ON OF SPECt-AL (ISO TOP&SPECfFlCI BIOASSA Y DA TA (Phase 3) 

A population of PGDP employees with the highest probability for intake of transuranic 

materials due to length of employment, location of work at PGDP, and/or work practices 

was sehxted for participation in a “special” bioassay program. From the results obtained, 

the maximum intake of transuranic materials for vtious exposure scenarios, can be 

estimated. This then can be compared to the findings of Phase 1 and Phase 2. In other 

words, if the intake estimates from special bioassay data for workers with a relatively high 

probability of intake do not exceed the maximum exposures estimates presented for the 

hypothetical worker populations, then the approach used for the first three phases of the 

investigation is assumed to be valid, to a reasonable degree of certainty. 

5.1 Technical Basis for Selection of the Special Bioassay Methodology 

As srared previously, a “significant exposure” to transuranic materials, for the purposes of 

this investigation, is equivalent to a single inrake of 100% of rhe ALI. Table 5-l shows the 

ALI (ICRP-82) and Dose Conversion Factors (DCF) (DOE-88b) for the transuranic 

materials4 of interest at the PGDP, 

Therefore, in order to determine if PGDP personnel could have incurred a “significant 

intake” of these transuranic materials as a result of past practices, the bioassay methodology 

selected must be capable of detecting that fraction of radioactivity expected to be excreted 

per day at some time period after intake of one ALI. 

Figures I through 6 show the relative detection capabilities for various forms of bioassay 

versus the expected daily excretion of the respective radionuclides for a single intake 

equivalent to 100% Of the ALI. For an intake of one ALI, the expected excrerion per day 

was plotted over various lengths of time, On the Same ~101 is the minimum detectable 

activity of the bioassay technique, Where the two lines cross is rhe maximum length of time 

between intake and measurement that a particular bioassay methodology remains effective. 

4 lnhalatinn class Y is wwrn4 few the plutonium isotopes, and inhalatioh class W is assumed for the 

neptunium isolnpa. fngcstion is nor considered to TV a significant row of inrake. 

5-l 
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While urine bioassay is generally the methodology of choice for routine monitoring, fecal 

bioassay can be useful in detecting and quantifying minute inhalation inrakes of relatively 

insoluble forms of radionuclides (e..g., transuranics) at long times after they occur. This is 

because clearance via the feces is the predominant excretion mode in such a long-term 

exposure situation. As Lime goes on, the pulmonary region of the respiratory tract controls 

the rate of release of an insoluble radionuclide either through clearance into the systemic 

circulation, or by entrance into the gastroktesrinal tract by mechanical clearance (Le., 

mucocilliary action and subsequent swallowing). 

From the Figures (l-6), ic is clear that fecal bioassay with a detection limit of approximately 

1.4 x 10m8 microcurie of 237Np or 23g Pu per sample provides the greatest likelihood of 

identifying a single acute intake of these radionuclides that may have occurred at long times ’ 

prior to sampling. However, while fecal bioassay may be of great value at long times after 

intake as an aid in estimating residual lung burdens of certain materials, substantial 

uncertainties exist for such application. This is due, primarily, to complications in 

interpretation of results. However, the fact chat rhese compIications exist does not rule out 

the potential value of this approach, particularly if certain conditions can be met regarding 

sample collection. For the purpose of this investigation, if collection instructions are 

followed by participants, fecal bioassay procedures are considered to be useful for identifying 

small intakes of 237Np and 23gv 240Pu that occurred some rime ago. 

The general approach for this phase of the investigation is straight-forsvard. Participants in 

the special bioassay program were selected based upon a series of pre-determined criteria;. 

fecal samples were collected and analyzed for each panicipanr; and the r&ulcs of analysis 

were evaluated in light of various exposure scenarios, The following sections contain a more 

complete discussion of each step. 

5.2 Slection of Participants 

Through interviews with supervisors and long-term employees, various personnel were 

determined to have had rhe highest potential for transuranic exposure, This was based on 

their work environment, and included personnel involved in operations and maintenance of 

the feed planr and other associated buildings during the time that reactor tailings were fed, 

The buildings of interest were C-400, C-409, C-410, C-420 (feed plant and deco@, C-340 

* (uranium metal recovery), C-337, C-335, C-333, C-331, C-360. C-315, and C-310 (process 

5-2 



building), These personnel utilized very little protective equipment or contamination control 

compared to present-day practices. In addition, most of these personnel had "positivcm 

uranium bioassay results at one time or other during their employment at PGDP. 

Personnel seiecred to participate in the fecal sampling program were chosen based on various 

criteria relevanr to their work at PGDP. Long-term employ=s were considered, due co the 

fact transuranics were fed into the cascade between 1952 and mid-1970. In addition, 

employees that have had jobs that required their presence in environments wilh significant 

internal radiation exposure potential were considered (i,e., process maintenance or chemical 

decontamination). These personnel were also participants in the routine PGDP uranium 

bioassay program, and these results indicate that past uranium intakes occurred. Table 5-2 

contains a description of the panicipants and their uranium bioassay history, 

Each participant in the special bioassay program was provided with an information sheet 

which compared and contrasted the various forms of bioassay (Appendix A), and with an 

inviration (Appendix B) to participate in the special bioassay programd5 

5.3 Collection and Analysis of BioJogical Samples 

To assure that the results obtained from this special bioassay program were reasonably valid, 

it was necessary 10 establish certain quality control provisions for sample collection, 

transport, storage, analysis, and reporting. Fecal samples were collected by all of the 

participants following a common procedure, Appendix C conrains a copy of the instruction 

sheer issued to each participant. 

SampIes were transported, by over-night carrier, co an off-sire radioanalytical laboratory, To 

reduce rhe potential for sample cross-contamination, sample collection began no sooner than 

Saturday morning after the last Friday of work, and samples were forwarded directly from 

the participant’s home to the analytical laboratory, 

s Two control ruh,juzrs, who &rz residents of Paduc~h, &mucky but had ncur &n cmployd by the 

PGDP. were HIW participxnrs in the spdd hioaw: program. These controls wefti given i&n&l 

invitdons IO participnle. colldtion kits, end instructIon sheds 8s the suh.pcr population. 
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Each sample was analyzed at IT Corporation’s Richland Laboratory6 for isotopic uranium 

content, isotopic plutonium content, and isotopic neptunium content. In general, the 

analytical goal was to obtain a minimum detectable activity for each sample that did not 

exceed 0.03 disintegrations per minute per sample. 

TabIe 5-3 contains a summary of the analytical results for each of the participants in this 

bioassay study. 

5.5 interpietation 

The average concentrations of uranium, neptunium, and plutonium excreted by the subjects 

shown in Table 5-3 are 2.05EO & 1.84E0, 6.13E-3 4 6.91E-3, and 2.79E-3 & 6.71E-3 

picocuries/sample, respectively. Using these averages, it is possible to estimate the 

maximum possible exposure for a “hypothetical” worker excreting uranium, neprunium, and 

plutonium at the same rates for an acme intake scenario. For this analysis, the following 

assumptions were used: 

0 The “hypothetical” worker was involved in a single intake event that 
occurred one, five, or ten years prior to the date of sampling, 

8 Since each fecal sample is assumed to be a 24-hour excretion, and since 
each sample was split in two for non-sequential analyses, the 
“hypothetical” worker excreted uranium, neptunium, and plutonium at a 
daily rate of twice the aforementioned average values, 

0 Intake Retention Fractions used for the analysis are based upon ICRP 
Publication 30 metabolic models for Y-class uranium and plutonium, 
and W-class neptunium (LE-87). 

The maximum possible exposure based upon these assumptions is shown in Table S-4. As 

stated previously, an acute intake scenano is not considered to be especially representative of 

the most likely exposure conditions at the PGDP. If such a scenario had occurred, elevated 

uranium excretion would have been readily identified in the routine (monthly) uranium 

bioassay program. 

6 IT Corpcmtion, Analytical Services, 2600 George %whinglon Way, Richland. Washington, 99352, 

54 
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The more likely intake scenario for PGDP workers is considered to be a chronic, low-level 

intake. Therefore, if this exposure scenario is assumed, the total inrake of uranium, 

neptunium, or plutonium over the exposure period of interest can be estimated by: 

where I = intake, T = the exposure duration in days, t = day of first bioaswy 

mwurement, and IRF = the intake retention fraction for the 24-hour feces bioassay 

compartment. Table S-5 shows a summary of these expsure calculations for a 

“hypothetical” worker, 

s-5 
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6.0 DISCUSSION ’ 

The results of the exposure estimates from the three phases of this investigation vary, 

depending upon the basis for the calculations, assumptions made, and the radionuclide of 

interest. However, to a reasonable degree of scientific cenainty, the overall exposure 

potential from transuranics for PGDP workers is not significant. 

There are a number of uncetinties assmiated with this conclusion. The following is a 

listing of just a few conditions which could impact its validity: 

l The average of the 13,000 historical uranium bioassay results may not 
be normally distributed about some mean and thus not generally 
representative of the uranium excretion rate of PGDP workers. 

l The average of 2,000 historical air sample results may not be normally 
distributed about some mean and thus not generally representative of 
airborne conditions throughout the PGDP. 

a The average isotopic fractions of uranium and transuranics used for the 
Phase I, 2, and 3 analyses (e,g,, Table 2-l) my not be generally 
representative of the plant-wide isotopic ratios. 

. The 16 individuals selected to participate in the Phase 3 special bioassay 
program may not be generally representative of a population of PGDP workers 
with a high probability for exposure. 

a Plutonium may not always be present in the various transuranic 
mixtures found throughout the PGDP, therefore its use as a “t.racer” for 
the presence of neptunium may not be appropriate. 

Table 6-l shows the average of the exposure estimates obtained from each of the chrec 

phases of the invesrigarion, The range of transuranic exposure estimates obtained from each 

phase of the overall investigation overlap, This general consistency in the findings of the 

separate phases supports the basic conclusion that, to a reasonable degree of certainty, 

significant (i.e., greater than 100% of the .ALI) exposures to transuranic materials were not 
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likely, even though the historical radiological controls in place did not consider the possible 

presence of transuranics, 

It is imporrant to note, however, that the estimates of exposure contained in Table 6-l reflect 

the probability for exposure of the PGDP population in general. They do not pertain to 

individual probabilities. Furthermore, the general conclusions of this investigation are 

applicable to historical radiolo&a.I conditions ar the PGDP onIy. These estimated exposure 

probabilities became invalid after PGDP instituted broader radiological conrrols, to include 

the cransuranics. As a result, the probabiliry for current exposures is assumed to be notably 

less. 

6-2 
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7.0 SUMMARY AND CONCLUStONS 

Historically, internal dose control efforts and internal dose assessments at the PGDP have 

been based, primarily, upon controlling exposures to and intakes of uranium only. However, 

the presence of irradiated fuel in the enrichment process for a discrete period of time raises 

the question of whether these efforts and assessments were sufficient to prevent significant 

intakes of transutanic elements. The objective of this investigation ,was to assess the 

potential for exposure to transuranics by operational personnel at PGDP, using three separate 

approaches, 

While there were a number of assumptions made in each of the phases, all of which have 

associated uncertainties, the findings are relatively consistent in magnitude, supporting the 

basic approach for this investigation and lending validity to the conclusions reached. 

Furthermore, the assumptions made were “conservative” in nature, resulting in “upper- 

bound” estimates of exposure for all three phases. If a “significant exposure” is defined as 

an intake of 100% of the AL1 for the transuranics, or an annual exposure of 2000 DAC- 

hours, it is possible to state, to a reasonable degree of certainty, that the historical uranium- 

based control and dose assessment protocols were sufficient to prevent a significant intake of 

or exposure to transuranic materials, 
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TABLE 2-1 
AVERAGE ELEhfENTAL FRACTIONS OF TRANSURANICS AND URANIUM 

Plant Location 

Fed plant (general) 

Casde (gemrat) 

Bldg, C-333 

Bids. C-720 

Bldg. C-337 

Bldg, C-400 

Bldg. c-409 

. 
Percent Umniwn 

100 

loo 

8589 

82.9 

76.3 

93. I 

76.3 

T-l 

Percent Neptunium Percent Flutanium 

0 0 

0 0 

iI,0 -3.3 

16.4 0.7 

22.8 0.98 

6.9 0 

22.0 1.7 



TABLE 3-l 
URANNM EXCRETION RATES FOR HYPOTHETICAL POPULATION GROUPS 

HypotheticA Worker Characterbrmtion Methodology Uranium Excretion Rate 

(micrwams per liter of urine) 
Used for Anajysis 

Majority of PGDP Workers X ave + SD (Maximum value for 

65% of the population) 

7.7s 

‘Average” PGDP Worker X atic + 1.645 SD (Maximum 

value for 9056 of the population) 
9.75 

“Maximally-axpad’ PGDP 

Worker 

X ave + 1,576 SD (Maximum 

value for 99% pf Ihe population) 
12.61 

l X Bve is uqual to the avcragti excretion rate of 13,000 historical uranium bioassay results. 
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TABLE 3-2 
CHRON tC EXPOSURE POTENTIAL FOR THE HYF’OTHETICAL WORKER 

Population Group Radionuclide of 
Interest 

Majority of PGDP Uranium 
worklxs 

Transuranics 

Uranium 

Tnnsuranics 

Uranium 

Tronsuranics 

‘Average” Worker Uranium 

Trrnsuranics 

Uranium 

Trrnsuranics 

Uranium 

Trdnsufanics 

‘Maximally*xpscrl’ Uranium 

worker 

Trtinsunnics 

Uranium 

Trdnsuranics 

Uranium 

Transuranics 

hmhlrn 
Enrichment (%I* 

Range of TRUN 
Rn tios 

0.14 

0.14 

0.13 

0.73 

2.50 

2.50 

0.14 

0.14 

0.73 

0.13 

2.50 

2.50 

0.14 

0.14 

0.73 

0.73 

2.50 

2.50 

NA 

0.00 - 0.3 I 

NA 

0.00 - 0.31 

NA 

0.00 - 0.31 

NA 

0.00 - 0.31 

NA 

0.00 - 0,3l 

NA 

0.00 - 0.31 

NA 

0.00 - 0.31 

NA 

o.c.xI - 0.31 

NA 

0.00 - 0.3 1 

Fhetion of 
Significant 
Exposure 

0.002 

0 - 0.53 

0.002 

0 - 0.219 

O.t?QS 

0 - 0.459 

0.002 

0 - 0.192 

0.003 

0 - 0.274 

O.oQ6 

0 - 0.574 

0.003 

0 - 0.24s 

0.004 

0.350 

0.00% 

0 - 0.735 

8 Ln order ro rnsurt [htrt the findings of this assessment are consewlvsfivz in nature, the maximum enrichment 
’ used for these c:!lk%lnlions was 2.5 96. since materials of this assay have bten received by the WDP in [ha 

pasr. Iiowevcr. II is important ta note thar the maximum asmy of materials run through rha procrss f& 
system is 2%. 
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TABLE3-3 
ACUTEEXPOSUREPOTENTIAL FORTHE HYPOTHETICALWORKER 

Population Group ~~~,xIide of 

Majority of PCDP Urdum 

Workets 

Transuranics 

Uranium 

•AVQ~(I~~” worker 

Trsnsurar$cs 

Uranium 

Tronsunnics 

Uranium 

Tfwwanics 

Uranium 

Transuranics 

Uranium 

Transuranics 

Uranium 
Enrichment (%I 

0.14 

0. I4 

0.73 

0,73 

1850 

2.50 

0.14 

0.14 

0.73 

0.73 

2.50 

2.50 

Range of TRUN 
Ratios 

NA 

0.00 - 0.31 0 - 2.134 

NA 0.035 

0.00 - a.31 0 - 3.282 

NA 0.073 

a.00 - a.31 o - 6,784 

NA 0.029 

0.00 - 0.3 1 0 - 2.681 

NA 0.044 

0.00 - 0.3 I 0 - 4.103 

NA 0.09 1 

0.00 - 0‘3 1 0 - 8.479 

hctian of 
Significant 

Exposure 

0,023 
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TABLE 4-I 
’ AIRBORNE EXPOSURE COM,lTIONS FOR THE POPULATION CROUPS 

Hypothetical Worker Characterization Methodology Gross-alpha Airborne 
Concentration (jdNml) Used for 
Analysis 

Majority of PGDP Workm X aye + SD (Maximum value for 
65 56 of the population) 

I .6E-12 

‘~verap” PGDP Worker X xvz + 1,645 SD (M&mum 
velus for 90% of the popuiation) 

2.SE-12 

‘Maximally~x~sed’ PCDP 
Worker 

Xav, + 2.576 SD (Maximum 
vdw for 99% of the population) 

3,8E-I2 
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TABLE 4-2 
EXPOSURE BASED ON CONTINUOUS AIR MOMTOR DATA 

Population Group Isotopic Fractions 

Majority of 
workers 

u- I.ar 

U - I.M 

0 - L.00 

IJ - 0.763 
Np - On22 
Pu - 0.017 

U - 0.763 
Np - 0.22 
Pu - 0.017 

U - 0.763 
NP l 0.22 
Pu - 0.017 

“Average worker u- 1.00 

u- I.00 

ti. 1.00 

U -0,763 
Np - 0.22 
Pu -0,017 

U - 0.763 
Np - 0.22 
Pu - 0.017 

U - 0.763 
Np - 0.22 
Pu - 0.017 

“Maximally- 
axp~seJ” worker 

U-L.00 

u- 1.00 

LJ- I.00 

U - 0.763 
Np - O-22 
Pu * 0.017 

Uranium Maximum DAC- 
Inhdation Class hm per Hour 

Y 

W 

D 

Y 

W 

D 

Y 

W 

D 

Y 

W 

D 

Y 

W 

D 

Y 

0.08 

0.0053 

0.0027 

0.2S 

0.19 

0.19 

0.12 0. Its 

0.0083 0.008 

O,DO42 0.004 

0.39 0.390 

0.3 

0.3 

0.19 

0.013 0.012 

0.0064 0.007 

0.59 ' 0.600 

Fraction of 
Significant 
Exposure 

0.080 

0.005 

0.003 

0.250 

0.190 

0.190 

0.302 

0.302 

0.192 
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Popul~ Lion croup IdulOpic Frucrions Uruniwn Maximum DAC- Fraction of 
Inhulalion Clss hn per Hour Significant 

Exposure 

u - 0.763 
Np - 0.22 

Pu - 0.017 

W 0,45 0,456 

U - 0.763 
Np - 0.22 
Pu - 0.017 

D 0.45 0,456 
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TABLE 5-l 
ALh AND DCh 

Rudionudide 

237Np 

239p, 

238~ 

-- ALI (rci) 

5.4 x to-3 

1.4 1 10-Z 

5.4 x 10-2 

ReanlpCi intake 
(CEDE - Inhalation) 

4.9 x 102 (W) 

3.3 x loz (Y) 

1.2 x 102 (Y) 
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TABLE 5-2 
PARTICIPANTS’ JOB AND BIOASSAY HISTORY 

Panicipant Number Dute of Hire at ttie Exposure Duration 
PGDP (dw) 

6 

7 

8 

9 

IO 

II 

12 

13 

14 

15 

16 

17-c 

18-C 

August 18, 1968 a420 

March 19. 1973 6747 

April 8, 1974 6362 

July 28, 1968 8642 

April 8. 1974 6362 

April. 1973 6734 

Jdy 16, 1973 6628 

April 17. 1972 7084 

April 9, 1973 6725 

July 16. 1973 6628 

August 9, 1971 7335 

Janwiry 13, 1969 8273 

August 6, 1973 6607 

February 3. 1953 14091. 

March 20, 1972 71 I8 

March I I, 1974 6391 

N/A NIA 

NIA NIA 

Average Historical 
Uranium Bioaswy 

Resuits 
(micrograms/liter) 

4.2 f 5.0 38 

3.4 k 4.0 26 

7.4 + 12,7 I12 

4.3 + 6.9 52 

12.6 + 25.8 256 

5.3 f 17.2 124 

l6,9 2 30.7 370 

4,8 f 6.4 56 

4.2 - 7.8 47 

5.7 + 12.0 116 

6.8 + 17.8 240 

2.3 k 2.7 18 

3.2 f 5.6 49 

16.5 k 19.0 192 

5.3 f 5.8 32 

14.5 f 47.1 540 

Marimum 
(micaqramditer) 
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TABLE S-3 

SUMhfARY OEi SPECIAL BIOASSAY RESULTS 

Participmt Nwnber Collection Date 

1 September 8, 1991 

2 Szptcmbdr 8, 199 I 

3 Scptembdr B, 199 I 

4 Szptzmbet 8. 1 St9 I 

5 Szptcmbzr 8, 1991 

6 September 8, 199 I 

7 September 8, 1991 

8 Sapkmhzr 9. 1991 

9 SdptZmbZr 7, 199 I 

IO Septcmlw 6. I99 I 

II September 8, 1991 

19, Szptemiw 8. 1991 

13 Sqdemtw 8, 1991 

14 S+dmber 7. 1991 

I5 Saprzmbzr IS. 1991 

16 Seplemkr 9, 1991 

17-c Szptomhar 8, 1991 

18-C Szptcmher 9, 1991 

23au 

Concentmti~n 
(dpmluunple 1 

7.08E-I 

3.SlE+O 

1.8SE+0 

2.16E+O 

1.89E+O 

1.48Ei-0 

I .WE+O 

7.37E-I 

1,32E+O 

8.78E-1 

1,56E+O 

1,45E+O 

S.UE-I 

3.47E-I 

7.96E-I 

5.24E- I 

7.90E-1 

5.40E-1 

%p 
Concentration 
Idpmlwnple’) 

o.OOlz+o 

I .30E-2 

2.30E-2 

4.OOE-3 

I .OCtE-2 

O.OOE+O 

0.00&+0 

4,cxs3 

l .ZOE-2 

I. lOE-2 

I JOE=2 

1. IOE-2 

O.OOE+O 

O.OoE+O 

O.OOE+O 

O.OOE+O 

-2.00&3 

-2.OOE-3 

*gPu 
Concentration 
(dpmbunplc~) 

1.658-3 

1,17E-2 

3.04E-3 

1.89E-3 

-4.626-3 

-3.3SE-3 

-2.678-3 

-I .28E-3 

O.OOE+O 

O,OOE+o 

O.OOE+O 

1.97E-2 

3.2OE-3 

-3.49E-3 

I .24E-2 

6.49E-3 

O.OOE+o 

O.OOE+O 

* Each smple .whmirlul by the participants was assumerl to TV a rwenty-four hour collection of f-s. One half 

of wch sample was uszl t’or a ?rquzntial plutonium/uranium sdparation and thr? othar half was usul for 237Np 
analysis. Therefore, to oh&n a twtinty-four hour excretion rats. ach rasulr is multiplied by two. 
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TABLE 5-4 
hfAXlhlUM EXPOSURE BASED UPON ACUTE INTAKE SCENARIO 

Activity in Feca Time between 
(pCi/24 hours) Intake and 

Measurernenc (days) 

4. LOEO 365 

1825 

3650 

I .23E-2 36.5 

1825 

3650 

5.58E-3 365 

Radionuclide 

TJ - Y&5s 

337Np - W-class 

239P” - Y-clflss 

1825 

3650 

Intake Retention 
Fraction, 24 hour 

feres 

8,368-S 

1.32E-S 

I.lIEb 

I .37&S 

I .76Ed 

I .64E6 

8.446-5 

I .40E-5 

1.7SE6 

Fracth of 
Significant Eqwwe 

0,908 

5.760 

68.334 

0.167 

1.300 

1.400 

0.00s 

0.029 

0.228 
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TABLE 5-5 
mXlF¶Uhf EXPOSURE BASED UPON CHRONTC MAKE SCENARIO 

Rudionudide Activity in Feces Duntion of 
(pCil24 hour) Exposure (days) 

23% - Y-class 4.lOEO 365 

I825 

3650 

I .23E-2 365 

1825 

MS0 

5.58E-3 365 

I825 

3656 

237Np - W-lass 

239P” - Y-class 

Average Intake Fraction of 
Retention Fraction, Significant 

24 hour fees Exposure* 

7.31E-2 0.379 

4.6X-2 0.615 

7.338-2 0.318 

3.68E-2 0.023 

3,97E-3 0.214 

4.09E-3 0.204 

2.438-Z 0.006 

4.58E-2 0.032 

3.59E-2 0.004 

* Since the solution to the aforenr~ntinnd intoprd was qpronimatd by numerical methods, the variations noted 
in ‘Fraction of Significant Ezposurz” versus exposurti duration mry he attriburd to the division of the 

integration region into B limitul number of time increments. 
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TABLE 6-1 
AVERAGE OF EXPOSURE ESTIMATES FROM ALL THREE PHASES 

Pllas Avenge Faction of Signifbnt Standard Deviation in the Average 
Exposure 

Phase I* - Historical Bioassay 0,101 0.240 

Phase 2 - Historical Air Date 0,198 0.187 

Phase 3* - Spzcirl Bioassay 0.206 0.215 

* Average value does nor include results of calculations from acutt erposurc scenarios, which are nor 
considered to be likely intake scenarios for PGDP worken. 
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FIGURE 2 
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ATTACHMENT 
HISTORICAL ISOTOPIC FRACTIONS 

Building NO. Np (Percent of total Pu (Percent of totd U (Percent of toral Reference 

gross alpha activity) gross alpha activity) gross dphn activity) 

C-409 II 3 86 

I1 3.1 85.9 

20 0 80 

20 wx2 80 

46 6 48 

6 0 94 

40 0 60 

C4M 1.7 0 98,3 

.05 0 99.5 

36,9 0 63.1 

0.1 0 99,9 

0.3 0 99,7 

2.2 0 97.8 

8.5 0 91.5 

0.9 0 9961 

0.8 0 99.2 

0.4 0 99.6 

24.0 0 76.0 

6.3 0 93.7 

c-337 20 0 80 

20.2 .ooo62 79.8 

30 0 70 

0.7 ,oOcu 99‘3 

I8 .001 82 

25 6 6.7 67.7 

46 6 48 

6 0 94 

64.3 0 ' 35.7 

12.7 0 a7.3 

A-l 

7 

7 

B 

8 

11 

14 

14 

4 

4 

4 * 

4 

4 

4 

4 

4 

4 

4 

13 

14 

8 

8 

9 

10 

IO 

10 

11 

12 

13 

13 

_.-- 



___..,__ -. . .-- __. .__.*w-4 - 
,_. ,. , 

Buildinn No. ND (Percent of lotd Pu (Percent of total U (Percmt of total Reference _- 
g&s alpha activity) gross nlpb uccivity) y&s dpha activity) 

6.3 0 93.7 

6 0 94 

40 0 60 

c-720 1.8 0 98,2 

2.1 0 97.9 

2.8 0 97.2 

30 0 70 

0.69 .Ol 99.3 

18.0 .ooOl 82.0 

25.6 6.7 67.7 

6 0 94 

64.3 0 35.7 

12.7 Q 87.3 

c-333 II 3 86 

II.1 3.6 85.8 

Fd Plant 0 0 loo 

0-k. C-404 0 0 100 
Hrhling Pond 

Feed Plant by RT to 0 0 100 

Cascade 

References: 

14 

14 

14 

1 

2 
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9 

10 

10 

10 
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13 

13 

7 

7 

IS 

15 

16 
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3 
4 

6’ 
7 
8 
9 
10 
11 
12 

13 
14 

Form HP-7A. ‘Rquest for Sample Analysis’, Much II, 1991 

Form Hp-7A, “Rquzst for Sample Analysis’, March 12, 1991 

Fawn HP-7A, “Rquest for Sample Analysis’, March 14. 1991 

Memorandum, ‘Health Physics recommendations for Buildings C400. C-410, and C420’. from M, B. 
Graves and A. H. Jcffries (0 C, W. Walter, May 24, 1990 

Memorandum. ‘C-746B Drums Survey”, from R. E. Byrd to B. J. Kruger, November 8, 1989 

R. Baker, ‘Ncprunium-237 Contrminarion Controls in a Gatius Diffusion Plant (Draft)‘. undarecl. 

Health Physics Inspzrion Rqx~c. Novzmkr 45.9, 1976 
Health Physics lnspwion R+c+n, January 7,8.15,16. 197G 
Hdth Physics Insprrion Report. Daeember 22.23, 1975 
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APPEND/X A 
HOASSA Y /NFOffMA ?7ON SMEr 

C. D; Berger 
IT Corporation/Nuclear Sciences 

September 2, 1992 

lucre am, basically, two industry-standard methods 
for detecrinp rhe pr-nce of radioactive material in 

rho human body after intake by inhalation or 
ingestion. T!IW are direct bioassay (whole body 
counting), and indir=t bioassay (excretion 
analyss). 

Whole body counting is a colloquia! term for the 
musuremenr of the penernting radiations emitted 
from radiaactive matorinls that are contained in the 
human body. This bioassay rnethorl can h? UW! to 
dertrmina the amount of radioacrivity presenr in the 

body at the time of mzasurzmdnt, but cannor 

directly determine the amount that was present at 

some previous rime. Th8r quantity must b 

inferred from the measured body content of rhc 

specific radioactive material. followul by 

applicarion of mathzmaticrl mod&Is which describe 
the behavior of that material in the body. 

The principal advantages of wholz bwly counting, 
and the yearon it is so widely used for monitoring 
workera at nuclear facilities, is that it ptovides a 
direct mtrrsurement of rhd radioactiviry &p&&i in 
the baly. Its advantaydn over indirect bioassay 
analysas are that (1) it is in genera! more accurate 

when there is enough radi-ctive material in the 

body co !~rrnir its WC; (2) it can measure insoluble 

materials which have enwed and k.sn rzteined in 
the body and are not rectdily ercretcd; (3) it does 

not involve lznyrhy analytical procarluttis; (4) rhd 

total body contdnt of radioactive materials is 
available aI [ha time of the mtisuremcnt without 

the use of ma~hematica! models; and (5) the body 
content of more than one ‘yp of radioactive 
material can be Jztermined simultaneously, 

There are also a number of didvanrqcs of whole 

body counting. The tirst at’ these is irs limird 

detrcrion sensitivity compararl co many indim 
bioassay procedures. In ~~IMYLI. much lower levels 
of radioacrivity can be detatted in an excr~~ 
sample than can be detected in a whole bady coUnt. 
A second disadvantage is that whole kdy counting 
cannot easily tell the difference between ndioactivc 
material dzpositti inside or outsit!e of the My. 

Indirect bioassay. or excretion analys6s, refers to 
idamifyiny and quantifying radioactive macetials 
that are oxcretcd or removd from the body, 
Indirect bioassay proceduras ars uaed routinely in 

radiation protection work to monitor personnel for 

possible accidental in&es of radioactive nrteria!s.. 

AtIer an intake has crcurrecl by inhalation or 

ingestion, a portion of the ndioactiw material will 

be absorbed into the bloodstream and deposited in 
various body organs or tissues or excreted from the 
body. Therefore, by analyzing an indiviclurl’s 
excreta. an irrdicnriou of whether an intaka has; 

occurr~~I can be obtained. Examples of cxcreaa that 
can hr: uslrl for inJircct bioassay include urine, 
fees. tissue. blood, fingernails. hair. t-lb, saliva, 
sweat. and broth. However. for most routine 

internal radiation monitoring progmms, urine 
bioassay is the methoclology of choice. 

It is imporrant to remember that analysis of 

radioactivity contained in urine, fw, or other 
dxcrera is only an irrdirect measurement of how 

much rndioactivs material is present in the Wy at 

the time of sampling. It provides no direct 
information on tha distribution af rhe material 

within the body, the time of exposun, the 
magnitude of initial uptake, or the cumulative 
radiation dose resu!tingB from the intake. 
Mathematical models must IX used to tillmate 
much of this information, Unceffainties in these 
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models arc A Large pan of th& owfall unccrtninty in 

indiraEI bioasxay IWUI~S. 

On the other hand, as time paxses and the l&y 

begins to crcrck radioactive materials relainrrJ by 
various organs, standard indirect bioassay 
procedure c?n detect Ihd prsswrm of smaller 
smount.~ of radionuclidts than is possible by 
standard whole body counting t&niqucs, even 
though. as statad previously, positive results can h: 
more difficult to interpret. This diffkmcc in 
detection capability becomcr even greater when 
insoluble radio&iv& matetials are involverl. 

While urine bioassay is the methodology of choice 
for routin& monitoring. faul bioa(ls;y Ezra be us& 
in tletecting and quantifying minute inhalation 

in&k& of relatively insoluble forms of 
radionuclidas at long times afier they occur, This 

is because clearance vi;l the t’dE& is the 

predominant excretion rnodz in such a long-rem, 
exposure situation. As tim goes on, the 
pulmonary region of the respiratory tract controls 
the rnle of relusc of an insoluble radionuclidz 
either through clcaralnco into the systemic 

circularion. or by cntrsncd into the sastrointestjnal 
tract by mechanical clearance (i.e., mucocilliary 
action and subsequcnr swrrliowinp). However, 
while f&al bioasvly may k af great value a( long 
limes nfisr int*e as an rid to *timetiny: residual 
lung burcl~ns of certain materials, substantial 
uncertainties exist for such application, primwily 
due to complie;ltions in inrdrprrtarion of results, 

Nevertheless. rhzse compjicationo do not rulr our 
the potential value of this approach, particularly if 

certain conditions can k mer regarding sample 

collection. 

In an cffon to investigate the possibility rhar minute 

intakes of transutanic mat&lx (i-d., plutonium and 
neptunium) may have occurraJ t~tne time aso for 
setectarl PGDP employees. fcsol hioazsly has bacon 
detartninerl to & the msurzmdnt method of 
choice, due to its grwar srnsitiviry for deltirion of 

long-lived. rcnaciously-r&i& radionuclides. 

For fiurther informarion un direct and indirect 
bioassay, the reader is ret&d to rhc following , 
documents: 

1. 

7 -, 

3. 

4, 

5. 
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Toohey, R. E., Palmer, H, E., Andertton. 
I-.. Berger. C. D.. Cohur, N., Eiscle. G.. 
Wachholr. B., and Burr. W,. ‘Cumnr 

Status of Whole Body Counting zs a 

MUM CO Der=t and Quantify Przvious 
Exposure to Radioactive Mater&‘, 

Uedh Phlysicr, Vol, 60, Sup. 1. pp, 742. 
1991. 

Boecker. 8.. R. Hall, K. inn, J. 
Lownea, P. Ziemer, G. Eisele, 8. 
Waohholz, Md W. Burr. ‘Currrnt Sutus 
of Biorssay Procedures to De&t and 
Quantify Previous Exposures to 

Radiotutive Muerials”, Henlrh Physll~, 

Vol, 60, Sup. 1, pp. 45-100, 1991. 

.Perfonnanee Criteria for Radiobiozsxtty’, 

American National Standards Institute. 
Report No. ANSI N13.30, 1987. 

‘American National Standard for Internal 
Dosimetry for Mixed Fission and 
Activation Products”, Americorr Nation4 
Standarcls Institute. Report No. ANS’1 
N343, 1978. 

“Use of Bioassay Procedures for 
Assessment of Internal Rndionuclide 
Deposition’. National Commission on 
Radiation Protecrion and Meaxuremt, 
NCRP Report No. 87, 1986. 
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APPENDIX B 
INVJTA 77ON 70 PARlEJPA KiF 

Histo&aljy, ditiaclive contamination conWol sffotis at the Paducnh Gaseous Diffusion Plant (PGDP) Bert 
designed and implemenrd primarily for conrrol of uranium c6ntamination. Transuranic confaminorion (i.e., 
conr.&nalion with mlbwj:tivc: materials whose atomic numbers are gren/cr than the alodc number of umnium) 
ac the PGDP became an issue when reactor rerums from various DepaRment of Energy (DOE) progrrm~ were 
introduced into the process feed sysrem betw~~en 1952 and mid-1970, Most of rhe contaminants were removed 
during chemid reprocessing. but plutonium and neptunium c;irtiecl through the uranium recovery prrxess and 

were introduced into the cascades during the UFg feed process. 

In the mid 197Os, a major cffon was initiated co up&ado the PGDP cascade facilities. lmprovcments includd 
replacement of most of the gaseous diftiion hatier. This occur4 during fhe time the last transumic material 

was fed and aAer rhe lasr recycle of uranium had been fed through Ihe plant. Removal of the benier was 
assumed to have reduced the mansuranic inventory in the process system. but there are no datn wbieb in&ate 
that the surveys were compared to transuranic reltise limits. 

However, the fact that rticfor Mrums were used at all at the PGDP rains the following questions abut 
persoMtl exposure porenM (0 transuranic materials as a result of past and on-going opefarions: 

I. To a nasonahte dcgrti of certainty. have PGDP prsormel incurrUl significant internal 
c?xposures to transurrnic materials as a rzsult of th4r involvement in past operations? 

1. To a reaaonrhlz dege of cdrrainry, are PGDP pznonnzl currently being exposed 
(internally) to rransuranic materials in their u(ork environment? 

One approach for determining if PGDP p&acmnrl have incur& significant inrlzmnl radiation dXpOSUIW from 
intake of rransuranic mrterialn as a rtiu\~ of pas1 or present practices (Question I) is to identify a popularion of 

PGDP ernployes wi[h fhz highest probability of intake of thdse radioactive materials due 10 letigth of 

employment, location of work at PGDP, and/or work practic&. Study of thd ndionuclidzs currently contain4 

in rhc Wies of rhst populnrion can bz used to calculate rhe maximum possible intake and maximum possibl& 

do* for various sxposuf2 scznnriw9 The answer IO Question 2 will follow in turn from lhe results of these 

calculations. and from analysis of historical intzmal radiation monitoring data. 

You have I&n seleccrd by the PGDP Hculth Physics Dzparrmcnr as a possible participant in such a study, 
Your wuillingnzss to enter this program will contribute to a grt%iarar understanding of the paat and presmt 
m.liological environment RI the PGDP. and will contribute to the on-going dforls on the part of the PGDP 
Health Physics Daprtmanr to improve the overall radiation profection program, 

For your information, lnlemational Technology (IT) Corporalion is a full service radioanalytical and consutting 
company, which offers complete radiological support services to borh commercial and government institutions. 
IT specializes in performance of a wide range of bioassay and dnvitonmantal analyses, which include the 

mCBsuremcnt of transuranic makrls in soil. air, and humans. Our lahorarories currently provide both direct 

(whols body counring) and indiwcr (excretion analysrts) bioassay services ro a numbw of clients, The senior 

staff mzmhers of IT’s Nucler Sciences Division are nationally and intemarionally rr?cogniwcl experts in rhe 
field of rddiation protection. HIXI are certified by the American Board of Hmlth Physics. 
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IT has tin contract& by rhd management of the PGDP to imPlemznt and administer a bioassay program, and 

to attempt to answer Questions 1 and 2. above. IT’s participation will inchtdc: program cpeeification; 
assisUnc* in ~rmpla coilaction and transport: sample analysis; validation of results; and generation of a final 

report. to include intcrpr*tarian of all data acquird. 

Based upon an initial dvalurtion of possible exposure circumstrlllces at the PGDP. IT has dotctminod that f-1 

bioassay is tho best mcasurcment methodology for this sNdy, since it is the most sensitive means of detecting 

minute quantities of transuranie material in Iho human Wy at long times afker intakes have occur&. This 

capability is not achievable with any other standard bioassay prcredure. nrch as whole body counting. For 

further information on Ihe differences bahveen various biossr;ly procedures. and the means by which we 
dGtermined tho most appropriare bionssay technique for this scrooning program, we refer you to a brief topical 
report which is enclosed in this package. 

Also cncloscvJ in this packapa is a job history shwt, which YOU should fill out as completely as possible if you 
choose LO participate in this program. (If you wish a copy of the completed sheet will be 6cnt co you.) In 
eddition. a f-1 collection kit and a complete WC of instructions for USA are included. The instt-uctions 
contained iir the kit require only that you complete the job history sheet and collect a large volume of your feces 
over a weekend. Return mailing of the sample and associated paper work directly fmm your horn is pro- 
arranged and pre-paid. Afkr the sample is received by IT’s laboratory, and after the analysis is complete, we 
will provide you wirh a copy of the results. 

AS part of our prqject-spdtk quality conrrol program, a small t’raction of the participants in this study have 
kn s4ecw.l from thr general Pvducah, Ksi?ucky populelion -- in ocher words, they have not worked at khe 
PGDP. (These individurls are rdcrred to has the ‘control population’. PGDP employees are refed to as the 
‘suhjact popularion”.) In addition. if the integrity of any sample r-ivarl by rho IT laboratory is breach4 as s 

result of mailing or my other r-on, wyz may ask you IO submit a .~ond sample. If this should occur, we will 
send you a synopsis of all acrions taken. including all analytical results, and the reasoqs for any re-sampling that 

may bz required. 

Before you Jble if you wish to panicipatz in this study, you are encouraged to review each of the items 

conrained in this pack:\gd. It is critical thvr wch participant follow all of the instructions carefully in order to 
assure that all final conclusions arc rwsonnhly valid. Thddord. if you hsw any questions about this program, 
your rzsponsihilities, ar any other issue. either now or atkr your kision to panicipatb has been rendered, you 
are cncoura& ro contact enz or both of the following in4ividuals: 

Kenny Duncan 
PCDP Health Physics Department 

(502) 44 I-64 I 1 

Carol Burger 

IT CorpontionllUuclear Sciences 

(202) 331-8510 

You will be kzpt informed ot’ RII actions mkcn in this tiffon. and you will be provided with a copy of rho final 
report. lo Wd hop you will give sbous considcraCon to paniciporing in this important invastigation. 

” While the tins1 r&port will contain all of thd details of this study, the identity ofrhe participants will b kq 
z;rrictly cnnkkn~iai. 
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A. Blue Job History Sheet. 

b. Yellow lnstrrrction Sheet. 

C. Whirs information report entitled, ‘Selection of the Proper Bioassay Technique for 
Identification of Possible Intakes of TraM’urAniC hiatariids in Parsonnel at the Paducab Gaseous 
Diffusion Plant’. 

d. SlampeA, return-mail enveiOp0. 

e. Fecal ample collection kit contriving: 

i. 
ii. 
*.* 
III. 
iv. 

PI&c rub 
Plastic rub liner 
Tamper-evident s4 
Plastic frame 

f. Completed F&r~l Express airbill 

Completrd two-pan (white end yellow) IT Corporarion *Rquhst for Analysis” form 
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APPENDIX C 
lNSTRUC77ONS FOR COLlEC7WG A FECAL SAMPLE 

Name: 

Social Security No,: 

You have been Sivett a fGcal sample collection kit for your use ti a participant in a bioassay study pmgram, Dq 

nol fmns/cr this krlr lo any other ~hcfiVidUd The following are the instrrrctions for use: 

1. Wash your hands carefully prior to voiding, Uss the disposable collection container when you void. 
Collection should not begin kfore Suturday morning. 

2. Write down the date ancl rime of your voiding inro the collection container here: 

Data (month/day/y&r) Tim8 (a.m.) 

3. To colltst your feces: 

a. Remove ths pl=ric tub and the plastic frame from the collection kit, Remove the lid from the 
plastic tub, and insert tha rub into ths hole of thd frame. Be SLIM Ilie lop of Ihe pbstic tub l&r is 
fo&ied over the rap of the plastic tub. Do not remove rhc plasrie rub liner from ths piastk tub. 

b. Pull up the toilat tit and place the frame dirzctly on the toilet bowl. with the wide end towards the 
rear. Put the toilet seat down on top of the frame to hold it in plttce. A large-volume saqpfe ix 
imporiad for rlrix study. 

CAUTION: The fecal sample must not contain urina. 

I 1 

4. Once the Mrnplz is collected. remove the tub and frame carefully from the toilet bowl. Remove the top of 
the plastic tub liner from thd rim of th& plastic tub, seal, and fold over the sample. PIace the lid skureiy on the 
plastic tub, and plrce the tamper-evidznt ~1 over both rhe lid and the cub. Package the tub aud the 

white/yellow “RqucsI for Analysis’ form in the cardboard box, makin sure the Fderal Express air bill is 
carefully suured on thd ourside of the box. 

5. Call the Federal Express office (1-800-138-5355) and arrange for a pick-up on Monday. 

6. Place this sheer and the camplzted blue Job History sheet into the stamp4 envelope and mail by U.S. mail 
to IT Corporation. 

7. All results will be forwarM to you once analysis is cornplats. IF you have any questions, plwe contact 
either Kenny Duncan (PGDP Halth Physics Depenmenr) at (502) 441641 I. or Carol Brrger (IT 
Corporation/Nuclear Sciencess) at (202) 33 I-85 10. 

PLEASE FOLLOW ALL INSTRUCTIONS CAREFULLY! 
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